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M3o6peTeHne othochtcw k o6nac™ 
aBTOMaTMMecKoro onTMManbHoro perynwpOBaHMfl 
npoi^ecca yrnyoneHnn ckbsdkhh h MoweT 6biTb 
ncnojib30BaHO Ann nporH03npoBaHnn 
onTMManbHbix 3HaHeHwfi noKa3aTenetf pa6oTbi 
AonoTa npn pa36ypMBaHMM HeoAHOpOAHbix no 
6ypMMOCTM anacTOB. 

Ue/ibio npeAnaraeMoro M3o6peTeHnn 

flBTineTCn nOBbJllieHMe 3Ctx£>eKTMBHOCTH 

npoi^ecca 6ypeHnn b HeoAHopoAHbJX no 
6ypMMOCTM nnacTax nyiewi noBbiiueHi/in 
tomhocth onpeAeneHMn MOMeHTa noA*beMa 
AonoTa h onepaTMBHocTn KoppeKTnpoBaHnn 
onTHManbHbix napaMeTpoB pewMMa 6ypeHnn. 

Ha <pw. 1 M3o6pa>KeHa cTpyiaypHan cxeiwa 
ycTpoMCTBa, peann3yK>mero AaHHbiM cnoco6 
pery/iupoBaHUH npouecca 6ypeHt/m; Ha ct>w\2 
npeACTaBneHa BpeMeHHan A^arpaMMa 
M3MeHeHH« ckodocth npoxoAKW B pettce, 
noncHmoman npuHi^nn pa6oTbi aAam-aijHOHHotf 

H3MepV1TenbHO-OnTMMM3aL\MOHHOM CMCTeMbl 

perynupoBaHHn npoi^ecca MexaHMMecKoro 
6ypeHwn no AaHHOMy cnoco6y. 

(lpeAnaraeMbifi cnocoo" perynnpoBaHnn 
npoL^ecca MexaHMMecKoro 6ypeHnn peann3yeTcn 
ycrpoMCTBOM, coAepwamMM 3aAaTMMKM Harpy3KM 
Ha aojioto 1 , nacroTbi ero BpameHMP 2, pacxoAa 
GypoBoro pacTBopa 3, AaTMMK 4 MexaHnnecKoro 
KapoTswca, ycTpotfcTBO 5 conpnweHHn, 
aHa/ioro-i;nct)poBO« npeoopa30BaTe/ib 6, 
ynpaanniOLnan BbiMHcnwenbHan Mawi/iHa 7, 
nepnc£epwtfHbie ycTpoiiCTBa 8 BBOAa-BbiBOAa, 
L^ncppoaHajioroBbiM npeoOpasoBaTenb (UAn) 9, 
ycTDoftcTBO 10 ynpaaneHun perynnTopaMM 
(yyP), noKa/ibHbie aBTOMarnMecKne perynnTopbi 
(DAP) 11, ncnoJiHMTenbHbie MexaHH3Mbi (HM) 
12. 

HcxoAHbJMn AaHHbtMM Ann peiueHHn 
nocTaBneHHofl 3aAaMM peryniipoBaHHn 
npoijecca 6ypeHnn nannioTcn: 

npoAO/DKUTenbHocTb pa6oT, He BXOAnmux b 
MexaHMMecKoe 6ypeHne (tp D ), onpeAenneMan H3 
3a bm c m m octh tp. Q f(L). nocT poe h hom nyieM 
cTaTMCTHMecKoti o6pa6oTKM oanaHca 
KaneHAapHoro BpeMeHH 6ypeHkin ckbsokmh Ha 
AaHHow nnomaAH una coceAHMX nnomaAnx b 

3aBHCMMOCTM OT ITiy6HHbl CKBa>KV1Hbl L; 

OTHOLUeHMe C CTOUMOCTW AOJlOTa K 



ctohmoctm naca paooTu oypoBotf ycTaHOBKM. 
CTOMMocTb AonoTa (C fl ) m cTOMMOCTb naca 
paooTu oypoBotf ycTaHOBKM (C H ) npnHUMa»OTcn 
cornacHO AettaTByiOLAeMy 'TIpeflcKypaHTy 
nopafioHHbix pacueHOK Ha cTpomenbCTBO 

Hec|)TflHblX H raSOBblX CKBa>KV1H" wr»M 

paccHHTbiBaeTcn no HopMaM A©^CTByjomero 
"CnpaBOHHUKa yKpynneHHbix CMeTHbix HopM Ha 
crpom-enbCTBO He<jyrnHbix m ra30Bbix CKBajKMH"; 

npoeKTHwe 3HaneHun napaMeTpoB pewnMa 
6ypeHun: HarpysKu Ha aojioto (Gnp). nacroTw 
Bpau4eHnn dona poropa (n np )» pacxoAa 
6ypoBoro pacTBopa (Q np ). KOTopwe oepyT M3 
reonoro-TexHMMecKoro HapnAa (HTH), 
nannioinerocn cocTaBHoti nacrbio 
onTHMH3npOBaHHoro TexHunecKoro npoeiaa Ha 
6ypeHne CKBa>KMHbi; 

orpaHnweHMfl 3HaMeHkin napaweTpoB peacviMa 
6ypeHM« G, nQ (HVDKHne rpaHULjbi G (H) , n* H ^ t 
Q < H \ BepxHue rpaHnubi G^ B) , n< B) , Q< B >) 

npMHUMaiOTCfl, HCXOA« H3 TeXHUMeCKMX 

bo3mo)kh ocTe \a npuMeHneMoro 6ypOBoro 
ooopyAOBaHun m TexHonorvmecKofl 
L4enecoo6 pa3 hoctm ; 
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saAaHHoe Bpewifl 6ypeHna (t 3a 
KOTopoe ocymecTB/ineTCfl cTaTucTMMecKoe 
npomosMpoBaHne MOMeHTa noA"beMa ppnora, 
npuHMMaeMoro M3 TexHonori/mecKMx 
coo6pa>KeHMft (HanpviMep, paBHoe 2/3 
npoeKTHoro BpeMeHM 6ypeHnn t n , 3ano)KeHHoro 
b rTH, T.e. 

3 

my6nHa cKBawcviHbi (2„) Ha Hanano 
MexaHnnecKoro 6ypeHM« b paccMaTpMBaeMOM 
pefice AonoTa. 

C noiwombK) 3aAaTMHKOB 1, 2, 3 nepeA 
HananoM wexaHUMecKoro 6ypeHvm 
onepaTOp-6ypnnbinMK 3aAaeT npoeKTHwe 
ycTaHOBKM napaMeTpoB pe>KviMa 6ypeHnn: 

G np. "np. Qnp- 

Cnmanbi ot 3aAaTMMKOB nepe3 ycTportCTBO 5 
conpnxeHun ALtn 6 m MHTepct>e^c cb«3h c 
o6"beKTOM BBOA«Tcn b onepaTHBHyio nawinTb 
G3Y ynpasnnioiAe^ BbiMMcnuTe/ibHoi^ MaiunHbi 
yBM 7. B cnynae npnivioro L\nc|)poBoro 
perynnpoBaHHfl npoeKTHbie ycraBKM napaMeTpoB 
Gnp. nnp, Qnp BBOAflTCfl b 03Y Hepe3 MHTepc|)e«c 
BBOAa-BbiBOAa c noMou^bio nepn0epnflHbix 
ycTpoiiCTB 8 BBOAa-BbiBOAa HHC^iopMaL^MM. B 
KanecTBe YBM 7 MO>Ker 6wTb ncnonb30BaHa 
niooan mmhm- mjim mmkpo-3BM, co6paHHan H3 
CTaHAapTHwx 6noKOB noAXOAnmett 
KOHc^nrypaLinn n TexHUMecKnx xapaKTepucTMK. 

3aAaHne BpeiweHu cTaTMCTHHecKoro 
nporH03npoBaHMfl MOMeHTa noA"beMa AonoTa 
Ann 3aMeHbi (t np 3 ) npoAOJi>KMTejibHocTM paooT, 
He bxoahlmux b MexaHUMecKoe 6ypeHne (t p . 0 ). 
hmxhux m BepxHHX rpaHMq na napaMeTpbi G, n, 
Q, oTHoiueHun ctommocth AonoTa k ctommoctm 
naca pa6oTbi 6ypoBoPi ycTaBKM {Cp/C^ m 
my6nHbi cKBaxviHbj Ha Hanano MexaHUMecKoro 
6ypeHH« (L n) npon3BOAHTcn c noMou^bio 
nepncf>epn^Hbix ycTpotfcTB BBOAa -bw BOAa 
MHC^opMaunH, CMmanbi ot KOTOpbix nocTynawT b 
onepaTMBHyjo naMATb n npoi^eccop YBM. 
HenpepbiBHan MHAHKai^nn TeKymux SHaneHnW 
TexHonorwHecKnx napaMeTpoB, pemcTpaunn mx 
n3MeHeHHM n 3HaHennft bboahmwx napaMeTpoB 
npon3BOAHTcn c noMou^bto nepncf>epMMHbix 

yCTpOMCTB 8 BBOAa-BblBOfla MHCj)OpMaHMM. 

CurHanbi AaTMMKa 4 MexaHMHecKoro 
KapoTa>Ka, nMeKDii^ero acMHxpoHHyio CB«3b c 
YBM, npeo6pa30BbiBaK)Tcn b HeoCxoAHMbi^ Ann 
HenocpeACTBeHHO^ o6pa6oTKM bha h Mepe3 
HHTepcpeftc CBH3H c o6"beKTOM nocTyna»OT b 
npoijeccop YBM, KOTopbiPi o6pa6aTbJBaeT nx c 
yneTOM 3apaHee ycTaHOBneHHOM cucTeMw 
npnopnTeTOB. 

M3MeHeHne peanbHoro BpeMeHu 
MexaHHHecKoro 6ypeHnn npon3BOAHTcn c 
noMOLi^bK) aneiapoHHbix MacoB (Ta^Mepa), 
BcrpoeHHbix b YBM. 

rioAA© p>Ka h n e 3aAaHHbix npoeKTHbix min 
onTMMa/ibHbix 3HaHeHM« napaMeTpoB G, n, Q b 
npoi^ecce MexaHMMecKoro 6ypeHnn 
npon3BOAHTcn c noMombto J1AP 1 1 n MM 12, Ha 
BxoAbi KOTopbix noAatoTcn cumanbi, 
cooTBeTCTByjoii^ne Heo6xoAMMWM 3HaneHnnM 
napaMeTpoB G, n, Q. 

npoueccop YBM 7 no nporpaMMaM, 
peann3yiou4MM HMxcenpuBeAeHHbie anropnTMbi 
ynpaBJieHMn npoi4eccoM 6ypeHnn, 
ycTaHaannBaeT rpaHnubi CMenw 6ypMMOCTM 
nnacTOB nopoA, Ann Ka>KAoro nnacTa 
oAMHaKOBOft 6ypnMocTM onpeAenneT 
onTMManbHwe sHaneHun napaMeTpoB G 0,^, 
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n om. Qonr. a no HcreMeHMM saAaHHoro BpeMeHM 
cTaTucTHMecKoro nporHoanpoBaHun MOMeHTa 
noAbeMa AonoTa onpeAe/ifler nyTeM 
CTaTMCTHMecKoro npomo3MpOBaHMfl mombht 
noAbewia AonoTa Ann 3aMeHbi t a 3aTeM 
yTOMHneT era £ *■ npn bxoa© b HOBbiB nnaor 
om 

OAMHaKOBOM 6ypMMOCTM. 

C BbixoAa npoi^eccopa YBM AUCKpeTHbie 
ynpaBrmiomvie cwmanbi Mepe3 MHTep4)eMC cbh3h 
c o6"beKTOM nocTynaroT Ha bxoa UAIH 9. C 
BbixoAa UAn aHajioroBbie ynpaannioLune 
Cktmanbi noAatOTcn Ha bxoa WP 10, KOTopoe 
ycunnBaeT CMmanu m noAaeT mx na bxoaw J1AP 
mum HM b cjiynae npflMoro tjMcfepoBoro 
peryjiMDOBaHUfl. 

noonepai^MOHHO cnoco6 ocymecTarmeTCH 
cneAyioiMMM oopasoM. 

nepeA HananoM MexaHnnecKoro 6ypeHnn 
onepaTop-6ypi4JibmkiK nocpeACTBOM 
nepucfrepufiHbix ycTpottCTB 8 BBOAa-BbiBOAa 
MHcf)opMaL^MH, bxoamt b onepaTMBHyio naMflTb 
YBM 7 HCXOAHbie AaHHbie: tp 0 , L H> C^C^, 

tnp.a, G< M >, n< H \ Q< H >, G< b >, n< B >, Q< B >. 

(IpoeKTHbie 3HaMeHnn napaMeTpoB G np, 

n np. Qnp BBOAATCfl B naMHTb YBM OT 

3aAaTHt/iKOB 1, 2, 3 YBM vinn nocpeACTBOM 
nepucfiepMMHbix yorpoMCTB BBOAa-BbiBOAa b 
cnynae npaMoro nnc^poBoro pery/iMpoBaHMH. 
Bee BBOAHMue BennMHHbi pervicipupyioTCfl c 
noMOu^bto ycrrpoiicTB 8. 

npouecc MexaHUMecKoro 6ypeHnn 
HaMMHaercw npM npoeKTHbix 3HaMeHnnx 
napawieTpoB pe>KWMa 6ypeHnn G np , n np , Q np , 
noAAep>KviBaeMbix nocroHHHbiMM Ha 3aAaHHOM 
nocpeACTBOM 3aAaTHMKOB 1, 2, 3 ypoBHe c 

nOMOmbK) i^AP 1 1 , B KOTOpblft BXOA«T aBTOM3T 

AonoTa (noAAep>KHBa»oinM« G const), aBTOMaTbi 
noAqep>KMBaHMq nocroHHHbix 3HaHeHMM nacTOTw 
BpameHMfl poTopa (n const) n pacxoAa 6ypoBoro 
pacrrBopa (Q const). 

HenpepbiBHO c nocroH h h bi m waroM 
(HanpuMep, 0,3 m) npon3BOAHTcn 

MexaHnnecittift KapoTa>K. TaflMep YBM 7 no 
cumanaM AaTHMxa MexaHMMecKoro KapoTawa 4, 

nOAaBaeMblM aCMHXpOHHO C HaKBblCUJMM 

npnopwTeTOM b YBM, cJ)HKCnpyeT t K HMoroe 
BpeMn, 3aTpaMeHHoe Ha pa36ypnBaHne 
MHrepBana, cooTBeTCTByiomero ujary KapoTaxa 
h K . OnpeAermeTCH cpeAHflfl 3a mar 
MexaHMMecKoro KapoTawa CKOpocrb npoxoAKM 
V C K ti (m/h) (1) m 3HaweHMfl V C K HenpepbiBHO 



HaKannnBaKJTcn b onepaTMBHoii naMATu YBM. 
nocne HaKonneHun I 3HaHeHM« 

V c K (HanpuMep, I ^ 6) ohm annpoKCMMMpyjoTca 

3KCnOHeHI4HaribHOV1 3aBMCMMOCTbK> 

v t v o ^ l ( 2 ) r Ae V t TpeHA M3MeHeHHfl 
MexaHUMecKoi^ ckodoctm npoxoAKM bo BpewiH 
6ypeHM9, m/h; 

V 0 HananbHan CKopocTb npoxoAKM npn t 0, 
mN; 

8 noKasare/ib Teivina M3MeHeHMn rpeHfla, 

t TeKyunee BpeMH MexaHnnecKoro 6ypeHHfl, h, 
m npoueccop YBM no wieTOAy HaMMeHbUJMX 
KBaApaTOB onpeAenneT oi^eHKM napaMeTpoB 

V o h e. 

npMMeHHTejibHO k cfcvir.2, yica3aHHan 
annpoKCMMaunn nosBonneT nonyHMTb 
HMcneHHbie 3HaMeHwn napaMetpoB V 0 t n 6i b 
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nepBOM njiacre OAUHaKoaoft 6ypnMocTn. 

noriyMeHHbie oi^eHKVi V Q m e noACTaannioTCfl 
b cooTBeTCTByKDiAee HanpfutceHwe i^eneBO^ 
ct>yHKqnn noTepb Ci (3aTpaTw BpeiweHM Ha weTp 
npoxoAKM) 



Cb +1> G+la n+Jt> 
o 1 2 3 



Q+t. 



<b *f> G+b n*b Q5 
o 1 2 3 



ecjin o, (3) 



ec/in 



b +b G-i-b -n+b Q 
o X 2 3 



6=0, (4) rAe t bo+t^G+b^+bsQ 

HHTepnO/lJmHOHHan 3aBHCHMOCTb BpeMeHM 

6ypeHnn ot napaweTpoB pe>KMMa GypeHun; 



G, n, Q; te=tp >0 



ycnoBHan 



npoAO/DKMTeribHOCTb ocraribHbix pa6oT b pei^ce 
AonoTa, m; 

h v (1-e"^ 1 ) npoxoAKa AonoTa, m. 

BT 

K034x})Ml^MeHTbl b 0 , bi, b2, 

b 3 MHTepnOJlflUHOHHOtf 33 BUCM MOCTM t f(G,n,Q) 

nonyMeHbi sapanee nocne o6pa6oTKM 
pe3ynbTaTOB cnnaHnpoBaHHoro Apo6noro 
npOM3BOACTBeHHoro 3KcnepnMeHTa f 
npoBeAeHHoro b aHanornHHOM naHKe nopoA- l~lpn 
peann3aL^nn Apo6Horo npon3BOACTBeHHoro 
3KcnepMMeHTa, Bbi6paHHoro c Menbio 
yMeHbiLieHun Hucna onbiTOB co cpeAHUMH 
nHTepBanaMn BapbupoBaHun napaMeTpoB G, n, 
Q, no/iynaeTCfl nnHe^Han 3aBncniviocTb. ripn 
Heo6xoAHMOCTM yBennHeHun tohhocth 
MHTepnoriflL^nn nnn paciunpeHun HHTepBanoB 
BapbupoBaHMA napaMeTpoB mokho peann30BaTb 
nOJlHbiCl npOM3BOACTBeHHblK 3KcnepnMeHT, 

nonyMMTb HennHe^Hyjo 3aBncnMocTb t f(G,n,Q) m 
noACTaBmb ee b Bbipa>KeHHfl Ann cf)yHKL^nn 
noTepb (3), (4). 

3aTeM npOL^eccopoM YBM onpeAejiHKrrcn 
onTHManbHbte 3HaMeHktn napaMeTpoB pe>KMMa 
6ypeHM« b nepBOM nxiacTe OAHHaKOBoR 
6ypnMocni Genn. "onri. QominyTeM ycnoBHoW 

MMHHMH3ai4MH COOTBeTCTByKDIAeM i^eneBOM 

cJ>yHKL\HM (3) nnn (4) oTHOCMTenbHO nepeMeHHbix 
G, n, Q c yneTOM AByxcTopoHHux orpaHUMeHMw, 
HaKnaAbiBaeMbix Ha hux, T.e. peiuaeTcn 3aAana 
MaTeMaTMMecKoro nporpaMMnpoBaHnq: 
^(G, n, Q, V Q ; e) -> win 

G, n, Q 

G^ H > S G s 
n< H > s n s nt B > (5) 
Q (H) S Q (B > 

B cuny nennHe^HOCTM saBucuMocTM 
C i(G,n,Q) yKa3aHHafl saAaMa HenMHei^Horo 
nporpaMMnpoBaHMfl peaiaeTcn MeTOAOM 

OJTDa0HbJX Cf)yHKl^MK. 

B KanecTBe AsyxcTopoHHMX orpaHMMenuft 
napaMeTpoB pexcviMa 6ypeHM« npuHkiMaioTCfl 

HM>KHHM \A BepXHMft ypOBHM BQ pbMpOBaHMP 

napaMeTpoB G, n, Q b nnaHe 
npon3BOACTBeHHoro 3KcnepMMeHTa c yneTOM 
TexHUMecwix B03M0>KH0CTeCi n TexHonornMecKoft 
t4enecoo6pa3HocTM vi3MeHeHnn napaMeTpoB. 
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OmnMaxibHwe 3HaneHMn G onT , nom, Qom- 6yAyT 

HaXOAMTbCfl BHyTpM o6nac™ AOnyCTMMbJX 

peiueHMfl nn6o Ha ee rpaHMi^e, ecnn 
MUHMiviyM Ci AOCTMraercfl BHe o6nacTn 
AonycTHMbix peiueHMM. 

nonyMeHHbie onTMManbHbie 3HaneHMn 
napaMeipoB Go^, Q orTTl cpaBHMBaioTCfl c 

TeKyiUMMM 3HaMeHHflMM COOTBeTCTByiOlHHX 

napaiweTpoB, KOTopwe c noMou^bio /TAP 
noAAepwiBaioTCfl nooronHHbiMM (Ann nepBoro 

MHTBpBa/ia OAWHaKOBOfl 6ypMMOCTH paBHbIM 

npoeKTHbiM, a Ann cneAyiomero MHTepBana 

paBHbIMM OnTHManbHbJM 3HaMeHHflM b 

npeAbiAy^eM MHTepBane), n b cnynae Hannnun 
paccomacoBaHUfl we>KAy hmmm 
Bbipa6aTbiBaiOTCfl ynpaBJiRJOii^ne cumanbi. 
AkiCKpeTHbie ynpaarmfOLnue ckima/ibi. 

CXX3TB6TCTByK)U^M6 OnTHMa/lbHblM 3HaMeHHflM 

napaMeipoB Qomi. n om-i. QotttI npeo6pa3y»OTCfl 
b aHanoroBbie cumanbi c noMombio l\Af\ 9, 
ycujiMBaioTcn c noMou^bio WP 10 n noAaioTcn 
Ha BXOAbi J1AP b KanecTBe 3aAaiomMX ycTaBOK 
Ha perynnpyeMbie napaMeTpbi. J1AP 
aBTOMaTunecKn nepeorpaMBaeTcn c npoeiaHbix 
ycTaBOK Ha onTMManbHbie k noAqep>KMBaioT 
Aanee nocTonHHbiMM saAaHHbie ewiy 
onTHManbHbie SHaneHMn napaMeTpoB c 
noMOLUbK) bxoaaimux b Hero aBTOMaia noAanw 
AonoTa, aBTOMaTOB noAAep>Ka h m n nocTonHHbix 
3Havenv\H HacroTbi BpameHMn pOTOpa n pacxoAa 
oypoBoro pacTBOpa n McnonHMTenbHbix 
MexaHH3MOB. B cnynae npnMoro ijMqbpoBoro 
perynnpoaaHHfl YBM Bbjpa6aTbiBaeT 
ynpaanmoiuMe cumaribi, o6ecneHM Barcode 
ycTpaHenkie paccornacoBaHMn wie>KAy TeKymnMM 
m onTMMajibHbiMM 3HaHeHHflMM napaMeTpoB G, n, 
Q; 3th CMmanbi nocne npeo6pa30BaHMn b L(An 
m ycuneHMfl b yyp nocTynaioT HenocpeACTBeHHO 
Ha BXOAbi HM 12 (ropM03 6ypoBotf neoeAKM, 
ABuraTenn Ann BpameHMn orona poTopa, 
ABuraTemi 6ypoBux HacocoB). 

H3MeHeHne npoeKTHbix (reKyu^MX) ycTaBOK 
Ha napaMeTpbi pe>KMMa 6ypeHnn G, n, Q ao 
onTHMa/ibHbix 3HaneHvi« HeMUHyeMO OTpa3MTcn 
Ha BennHMHe ckodoctm npoxoAKM V CK , a 
cneAOBaTenbHO, npuBeAeT k CKaHKy V t f(t) b 
nepBOM n/iacTe OAMHaKOBoM" oypMMOCTM (cm. 
4)w\2). flanbHefiLuee 6ypeHne b nepBOM nnacTe 
oAHHaKOBO^ 6ypMMocTM ocymecTBnneTcn npn 
onTMManbHbix 3HaMeHM«x G orTT -|, nonr-j, Qom-1- 

OAHOBpeMeHHO no HMwenpMBeAeHHOMy 
anropMTMy ycTanasnMBaioTcn rpaHnubi CMeHbi 
6ypnMOCTM nnacTOB b npoLjecce MexaHMMecKoro 
6ypeHnn. flnn stoto HenpepuBHO npoM3BOAMTcn 
nocTpoeHne b o6iueM cnynae KpMBonMHetfHoro 
TpeHAa V t f(t) m cooTBeTCTByiomero eMy 
AOBepnTexibHoro MHTepBana (Ha <&w.2 no«a3aH 
ujTpux-nyHKTupHbiMn nnHM«Mn). (Ipn BbixoAe Ha 

BepXHJOK) MHM HM>KHK)K> rpaHMLty 

AOBepnTeribHoro MHTepBana nocneAOBaTenbHO 
k 3HaneHMM V c K (HanpnMep, k 4) nepeA nepsbiM 
M3 hmx OT6MBaeTcn rpaHMi^a CMeHbi 6ypnMOCTM 
nnacTOB nopoA m no TaiiMepy YBM 4>MKCHpyeTC« 

COOTBeTCTByiOU^M^ eMy MOMeHT tiBblXOAa H3 

nepBoro nnacTa OAMHaKOBOii 6ypMMOCTH nopoA. 
3HaMenne U paBHO nucTOMy BpeMeHM 
MexaHMHecKoro 6ypeHnn b nepBOM nnacTe 

OAMHaKOBO« OypMMOCTM. CKaMOK CKODOCTM 
npOXOAKM V t B MOMeHT ti, CBfl3aHHblfi C BblXOAOM 

M3 nepeoro nnacTa oAMHaKOBOM 6ypnMOCTM 
nopoA. noKa3an Ha cfcnr\ 2. 

flnn nepBoro nnacTa na nenaTb BWAaioTcn 
3HaneHMn h 1t i A m rjiy6nHa, onpeAexineMan no 
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0opMy/ie 

L L„ + h 1t (6) rAe L my6MHa CKBa>KViHbi, Ha 
KOTopofl npon3oiiina CMeHa 6ypnMocTM nopoA. 
m; 

L„ my6nHa CKBaxMHbi Ha Hanano 
MexaHMMecKoro 6ypeHnn, m; 

h 1 Moi^HOCTb nepBoro nnacTa oAHHaKosoft 
6ypMMOCTM, KOTopan onpeAenneTcn 
cyMMnpoBaHneM o6u\ero Hucna 3HaneHMM h K b 
nepBOM ruiacTe, m. 

AHa/iorMMHan nocneAOBaTenbHOCTb 
AeMCTBMft noBTOpneTcn Ann BToporo, TpeTbero n 

T. A- nnaCTOB OAMHaKOBOM GypHMOCTM. 

HeKOTopoe oT/iuMkie coctomt nnujb b tom, hto 
npn 6ypeHMM bo btodom nnacTe 
ko p pe kt m py K)TCfl He npoeKTHbie, a onTMManbHbie 
sHanenun napaMeTpoB G, n. Q, ycTaHoaneHHbie 
b nepBOM nnacTe, a npn 6ypeHnn b TpeTbeM 
ycTaHOBneHHbie bo btopom nnacre n t.a- 

B i-M nnacTe OAMHaKOBoK 6ypnMOCTH 
i43MeHeHne BbnueonwcaHHOM 
nocneAOBaTeribHOCTM AeftcTBvift coctomt b tom, 
hto npn AOCTMJKeHMM 3aAaHHoro BpeMeHU 
cTaTMCTMHecKoro nporHosnpoBaHun MOMeHTa 
noAbeMa AonoTa tnp 3 Bee HaKonneHHbie b i-M 
nnacrre 3HaMeHnn V CK nocne onTHMMsai^nn 
napaMeTpoB G, n, Q annpoKCMMMpy»oTcn 

SKCnOHeHl^ManbHOM 3aBMCMMOCTbK> (2) M 

onpeAenneTcn AOBepnTeribHbirt MHTepBaxi, 
noKa3aHHbi« Ha ctwr.2 ujTpnx-nyHKTnpHbiMM 
nnHnnMM. Oi^eHeHHbie no MeTOAy HanMeHbuinx 
KBaApaTOB MucneHHbie 3HaneHnn 
napaMeTpoB Voi m 9j noACTaannjoTcn b cJxjpMyjiy 
(7) m onpeAenneTcn onTMMaribHoe npomosHoe 
BpeMn MexaHMMecKoro 6ypennn t C1 ; 
onTMMaribHoe c tohkh speHun MUHMMyMa 
ce6ecTOMMOCTM 1 m npoxoAKH b i-M nnacTe; 
npomo3npyeMoe b npeAnorio>KeHMM, hto 
6ypMMOCTb nopoA i-ro nnacTa He nsMeHHTcn ao 
MOMeHTa noAbeMa AonoTa Ann 3aMeHbi (na 
o>nr.2 npomo3-TpeHAa V t1 f(t) noxa3aH 



LLITpklXOBOM 



XlMHUeM). 



, (7) rAe hti cyMMa MOi^HOCTeW Bcex nnacTOB 
OAMHaKOBOM 6ypMMOCTM (1 ,2,i-1 ), 

npeAwecTByioiiiMX i-My nnacTy, b kotodom 
ocymecTBnneTcn b AaHHoe BpeMn 
MexaHMMecKoe 6ypeHne; 

T k1 cyMMa HMCToro BpeMeHM MexaHnnecKoro 
6ypennn Bcex nnacTOB OAMHaKOBO^ 6ypnMOCTH 
(1,2,1-1), npeAiuecTByioinMX i-My rinacTy, b 
kotodom ocyiAecTBnneTcn b A^HHoe BpeMn 
MexaHnsecKoe 6ypeHne. 

OnTMManbHoe npomo3Hoe BpeMn 
MexaHMMecKoro 6ypeHMn b L^enoM Ann petfca 
AonoTa onpeAenneTcn no cpopMyne: 



=T M+ t 



(8) 



npMBeAeHHan qbopMy/ia (8) no3BonneT 
ocymecTBMTb ToneHHbiM npomos onTMMaxibHoro 
BpeMeHM MexaHMMecKoro 6ypeHMn b pefice 
AonoTa. Ann 6ypeHMn »<e BcneACTBMe BbicoKoC^ 
BapMa6enbHocTM (M3MeHMMBOCTM) V ck bo 
BpeMeHM Heo6xoAMM MHTepBanbHbiM npomo3. 
flaHHbiM npomos AenaeTcn c Mcnorib30BaHMeM 

BejlMMMHbl CT3HAapTHOrO OTK/lOHeHMn, 

onpeAenneMoro no <$opMyne (21) M3MepeHHbix 
3naMeHM^ V CK b i-M nnacTe oamh3kobo^ 

6ypMMOCTM OTHOCMTeJlbHO TpeHAa Vj f(t). 
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C/ieAOBaTejibHO, MHTepsanbHuft npomo3 
onTMMa/ibHoro BpeMeHM MexaHUMecKoro 
6ypeHMfl b pe&ce AonoTa npoM3BOAMTCfl no 
<£opMyne 

+ e, (9) rAe e t ^ ujupnHa 



torn J ± - - r . s 

onx p± 



a 2 



AoaepnTeribHoro MHTepBa/ia Ann ton,.; 

t> KBaHTunb pacnpeAeneHUfl dbiOASHTa npn 

AOBepMTeilbHOM BepOflTHOCTM; 

Y = 0,80-0,90. 

B nonyvieHHOM no c£opMyne (9) MHTepBane 
BpeMeHM AOCTuraeTcw MMHMMyM ceoecTOMMOc™ 
1 m npoxoAKM b petfce AonoTa, a nosTOMy 
AonoTO cneAyeT noAHMMaTb Ann 3aMeHbi. O 
BXOKAeHMU b onTMManbHbi^ MHTepsan BpeMeHM 
MexaHUMecKoro 6ypeHnn cnmanM3MpyeT 
CBeTOBoft nnoo 3 By ko bom cuman, noAaBaewibiR 
no KOMaHAe YBM. 

flo MCTeMeHMM tnp.3 bo3mo>kho noflaneHMe 
OMepeAHoft (i+1) rpaHMLjbi CMeHbi oYpmmoctm 
nopoA, a, cooTBercTBeHHo, (i+1)-ro ruiacTa 
OAHHaxoBOft 6ypMMOCTM. OTOOAa BbjnonHeHHWM 
CTaTMCTMHecKMfl npomo3 tom- b peflce AonoTa 
noAne>KMT yTOMHGHMto c yneTOM (i+1)-ro nnacra. 

fljin 3Toro b nnacTe oamh3kobom 

6ypMMocTM HaKan/iMBaeTCfl orpaHMMeHHoe mmcjio 
M3MGpeHMM V c K (HanpMMep, 5), a 3aTeM stm 
AaHHbie annpoKCMMMpytoTCfl SKcnoHeHLjMajibHoB 
3aBMCMMOCTbK> (2) c onpeAe/ieHMeM 
AOBepMTeribHoro MHTepBana. 

BHOBb nonyMeHHbie oqeHKM 

Voi+1 vi Bj+.-i McnonbsyioTcn aHanorMMHO 
npeAbiAymeMy MHTepBany Ann 
onpeAeneHMn ton/ (cm. cfeMr.2), a b cbokd 

onx 

OMepeAb Ann BbinonHeHMH yTOHHeHHoro 
MHTepBanbHoro npomo3a ton/ b pettce AonoTa 
no cfcopMyne 



t ± 

onx 



e , H, (10) TAe tom-* yTOMHeHHoe 



onTMMajibHoe Bpeivm MexaHMnecKoro 6ypeHM« b 
pefice Aonora, h; 

e* CTaHAapTHoe OTKnoHeHne 3HaMeHwfi 
V c .k ot TpeHAa V ti+1 f(t)b(i+1)-M nnacTe 
oflMHaKOBOM 6ypwMOCTM, nepecHMTaHHoe Ha 
apryMem- 1, h. 

B o6meM cnynae, paccMOTpeHHbix 
yTOHHeHMii tonr b petfce AonoTa Moxer 6biTb 
HecKonbKo (Ka>KAbiM pa3 npM nepexoAe k HOBOMy 
MHTepBany oamh3kobom 6ypMMOCTM), a 3to 
3HaHMTenbHO noBbiujaeT TOMHoexb onpeAeneHMfl 
MOMeHTa noA^eMa AonoTa Ann sawieHbi npn 
pa36ypMB8HMM nepeMeMcajoiJ^MXCfl no GypMMocTM 
nopoA- 

OnMcaHHbifl cnoco6 pery/iMDOBaHnw 
npouecca 6ypeHMfl no3Bon*eT BbiAenaTb 
OAHOpoAHbje no 6ypMMocTH nnacTbi m 
nponnacTKM nopoA, ycTaHaB/iMBaTb Ann 
pa36ypMBaHM« Ka>KAoro nnacTa onTMManbHoe 
coMeTaHMe G, n m Q, a no McreMeHMH 3aAaHHoro 
BpeMeHM 6ypeHM« tpp 3 onpeAenflTb m yTOHHATb 
MOMeHT noAbeMa AonoTa Ann 3aMeHbi, mto 
npMBOAMT k yBenMMeHMK) npoxoAKu Ha 40-45% 
coKpameHMK) cpokob crpoMTenbCTBa ckbsdkmh Ha 
30-35% M CHM^eHMK) ctommoctm oypoBbix paooT 
Ha 25-35% 

AnropMTM ycTaHoaneHMfl rpaHMi* CMeHbi 
6ypMMOCTM n/iacTOB b npoLjecce MexaHnnecKoro 
6ypeHM«. 

B pa3pa6oTaHHOM a/iropMTMe Mcno/ibsoBaH 
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BMAOM3MeHeHHblM MeTOA SKCnOHeHL^MaJIbHOrO 

crna>KMBaHMfl m ex a h mm ecKo ft ckodoctm npoxoAKM 
bo BpeMyi 6ypeHM». 

fl/in annpoKCMMauMM HaKonneHHbix 3HaneHMM 
Vc.k Mcnojib30BaHa M3BecTHa« MaTeMaTMMecKafl 

3aBMCMMOCTb (2). 

nocne norapM0MMDOBaHMfl saBUCMMOCTb (2) 

MO>KHO npeACTaBMTb B BMAe 

Y a + b • t, (11) rAe Y lnV t , a lnV Q , be. 

HCXOAHblMM AaHHbIMM «BnflK)TCfl 

SHaneHMfl V c . k1 , V cjc2 . V c>Ki m t.a. 

Cyu^HOCTb anropMTMa coctomt b 

cneAyiomeM. 

flnn nepBwx m Ha6n>OA@HMM (m > 

MeTOAOM HaMMeHbUJMX KBaApaTOB 

onpeAenflK>TCfl napaMeTpbi ypaBHeHMn 
b Q m mm 



4) 



3o m 

- fl J J 



rAe yj=lnV 



' J ±,m 



(11) 



npoM3BOA«TC« onpeAeneHMfl no 4)opMyne 



v =a 0 +b 0 .Vj=j^ m --(13) 
J 



OnpeAennercn cpeAHee KBaApa t MMecKoe 
oTKnoneHMe Yj ot TpeHAa J 




FlapaMeTpbi a Q m b Q Mcnonb3ytoTcn 3aTeM 
Ann onpeAeneHMfl HanaxibHbix yc^ioBMfl 
SKcnoHeHi^ManbHbix cpeAHMX nepsoro m BToporo 
nop^AKOB no cfxDpMynaM 

3o 1 >=a 0 i-i-dbo; (15) 
d 

3i 2) =a D -2 x-ft b 0 , (16) rAe a 0,3 napaMeTp 
rf 

3KcnoHeHqnanbHoro crna>KMBaHMn; 

3o (1) HananbHoe ycnoBMe Ann 
3KcnoHeHi4nanbHOM cpeAHeii nepsoro nopnAKa; 
to >Ke, BToporo nopnAKa. 

flnn Ka>KAoro nop^AKOBoro HOMepa 

M3MepeHMM V CK j, j 1 



N-J. 



onpeAe/iflK)TCfl 
no 



3HaneHMn sKcnoHeHi^ManbHbix cpeAHMX 
peKypeHTHOM c|>opMyne 



feW, 



D 



+ (1 a 3j . i (K) (17) npn K 



1 , K 2, 3j(°> lnV c rAe N > m nopflAKOBbifi HOMep 
nocneAHero M3MeHeHMn V C K ; 

3, (1) 3KcnoHeHi4ManbHafl cpeAHfl^ nepBoro 
nopnAKa; 

3j (2) 3KcnoHeHunanbHafl cpeAHnn BToporo 
nopflAKa. 

Ha KancAOM j mare M3MepeHMM 
V c K napaMeTpbi Bbipa>KeHMn (11) 
nepecMMTbiBawTCfl, a HOBbie oi^eHKM mx 
onpeAexinioTC« no 4)opMy/iaM 



CD 

o> 

CO 
CM 



3 



aj2 3i< 1 >-3i< 2 >(18) 



C/> 



3j 1 >-3c2>') , (19) r^e a= 0,3, npn 



b, cf f3f 1 >-3cz>l 

1-4 J J 



j a m, a 1 npn j > m. 

OnpeAe/ifleTCfl crnaweHHoe 3Ha^eHne 
norapncfcMa cpeAHei* 3a mar MexaHunecKoro 
Kapota>Ka cKopocrw 6ypeHM* 



aj + bj t|. (20) a 3aTeM cmaxeHHoe 



3HSMeHHe 

V^^i exp(Y*» +1 ). 

Ha Ka)KAOM mare npoi^ecca cma>KHBaHHH 
BbiMMCJineTcw daHAapTHaR OLUHOKa npomo3a 
S p no cfcopwiyne 



CZ-d> 

.(21) 

rfle npn j + 1 s m npuHHMaeica a 0,3, a 
Be/iHMMHa S y onpeAenfleTcw no cJjopMyne (14); 
npw j+1 > m npuHMMaeTcw a 0,1, a S y +S y * 
paccMaTpuBaeTCfl KaK cpeAHee KBaApaTMMecKoe 
OTKnoHeHne ot nepeMeHHofi 

AeTepMUHMpOBaHHOM OCHOBbl 3aBMCHMOCTH (2) M 

onpeAe/ifieTCfl no (popuiyne 

Sy" yr^ (22) 




i = 2 



Clp -lp > 
i J 



J=2 



ycTaHaBJiHBaioTcn rpaHMMbi AOBepwTeribHoro 
MHTepBana 

Y\+<[* t> S p . (23) rAe b onpeAenneTca b 
cooTBeTCTBMM c 33KOHOM pacnpeAeneHHH 
CTbK)AeHTa npw Bbi6paHHOM BeponTHOcrw 
y = 0,80-0,90. 

npoBepfleTCfl npnHaAne>KHOCTb 
3MnnpnMecKoro 3HaneHHfl Y j+1 nocrrpoeHHOMy 
AOBepMTeribHOMy MHTepBany 

W t • S p < Y j+1 < + t S p , (24) 

r r 
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Ecnn MeTupe 3MnnpnMecKnx 3HaMeHnn Y^, 
Y i+2. Y j+3. Yj +4 nocneAOBaTenbHO BbixoAflT 3a 
npeAenw nocrpoeHHoro AOBepmenbHoro 
HHTepBana, to nepeA nepswM M3 hmx 
Y]+i cfcuKCHpyeTCfl rpaHni^a CMeHbi 6ypnMOCTM 
nopoA. 

(DopMyna n3o6peTeHnn: 

cnocoB PEryjinpoBAHUfi npoqEccA 

EyPEHM5R, ocHOBaHHW^ Ha 3aAaHnn ycTaBOK 
pe>KMMa 6ypeHM«, BpeMeHM CTaTMCTMMecKoro 
npomo3MpOBaHnfl MOMeHTa noA"b©Ma AonoTa, 
n3MepeHHM MexaHUMecKoK ckodoctm npoxoAKvi m 
BpeMBHM 6ypeHMfl, noAA&p>Ka Hit u 3aAaHHoro 
3HaneH^« Harpy3KH Ha aodoto m nacTOTbi ero 
BpatneHMH ao wowieHTa noAfeewja AonoTa, 

OTnMHaKJlUM^Cfl TeM, HTO, C L^e/lbK) nOBbllLieHMfl 

atJx^eKTMBHOCTH npoLjecca 6ypeHM« b 
HeoAHOpOAHbix no 6ypnMOCTH nnacTax nyTeM 
yBexiMHeHMfl tohhoctm onpeAeneHUfl MOMeHTa 
noAbeiwa AonoTa w onepaTHBHocTH 
KoppeKTMpoBaHH« napaMeipoB pe>KviMa 
6ypeHkm, ycTaHasnnBatOT rpaHW4bi cMeHbi 
6ypnMocTn nnacTOB, Ana KawAoro nnacTa 
OAMHaKOBo^ 6ypMMocTM onpeAeJiflKJT, saAaioT h 
noAA©P>KMBaioT onTMManbHbie ycTaBKM Harpy3KM 
Ha aojioto, nacTOTbi ero Bpamenun i/i pacxoAa 
6ypoBoro pacTBopa m onpeAenfiioT 
onTuwianbHoe BpeMH MexaHnnecKoro oypeHtifl b 
nonHOM pefice AonoTa no 4>opMyne 



onT 1-1 c 



rAe 



1 

cyMMa 
6ypeHnn 



MUCToro BpewieHU 



MexaHUHecKoro oypeHHfl Bcex nnacTOB 
oAMHaKOBo^ 6ypnMOCTM, npeAtuecTBytoinMX i-My 
nnacTy, b kotodom ocymecTan^eTCfl b Aannoe 
BpeMJi MexaHnnecKoe 6ypeHne; 

t -onTwvianbHoe npomo3Hoe BpeMfl 
c i 

MexaHMHecKoro 6ypeHHH b i-M nnacTe, 
MCTeneHne KOToporo «Bn«eTC« MOMeHTOM 
noA>eMa AonoTa Ana sawienbi. 
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